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The Linear Signal/Noise Summer as outlined in the JPL Design Specification
1s to function as an accurate power level moniter and control of signal power
and noise pow.r levels., 2y independently attenuating the signal pover and noise
power levels the Summer is to linearly mix them and thercby generate accurate
and stable signal to noise ratios, The specification requirements for the

Linear 5/N Summer are:

S/N Dynamic Range~e--~===--m—mamccemwano -0 t5 100db

Absolute Accuracy~-=----memmmoomnmcm——— + ,3db over U hour period
Signal Pouer Stability=--e--mcomememaee- + ,1db over L hour period
Noise Power Stabilitye-----mcmcmmmcnaaa- + ,1db over h hour period
Noise Dandwidth--eemecc oo © to 55 me + .05 db

Hoige Amplitudé—mem—memc e eee Linear up to 5o~

Power Moni{or-e—e—me—eean S ~-----ilgsolution better than .05db +

.1db uncertainty,

The Linear 3/N 3ummer which has been built differs from the one outlined
in the specification mainly in the Power Monitor., The Power Monitor incorporated
serves not only as a device to monitor the signal and noise power levels but also
as a feedback control on the noise source with the average signal power used
as the reference. The results of the measurements of
the S/N Summer meet the requirements as outlined in the specifications atove,

The report herein c 'ntains the analysis and performance results of the
Linear Signal/Noise Jwmmcr designed as per the requirements of JPL Design
Specification No, G£5-15002-Lwil, fmis report is sul iivided into six major
areas of design and tcol performance.  These includey the noise source, the
filter, the noise amplifier, th. UOMC source and modulators, the power monitor
and the overall system cerformance, A block “iagram of this breakdown is éhown

in Figure 1.
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II. NOISz 3&;:&?, (Rohde & Schwarz, Type SKTU)

After a survey of the comrercial instrumentation ma-ket, Rhodes
and Swartz was selected as the sunplier of the nnise source, Based
on noise power snactral densitv test conducted ty the vendor it was
decided that the noise generator would meet the specification require-
ments, Using fren:encr tra-~slation tec:nigues, the noise venerator was
tested first from U4S to 55 1 in LC steps isins a 1 XKC detection band-
width, The noise source uwas then tested in 1 HC steps from 50,00 1C
to 50,01 12 using a 200 cycle bardwidth and finally it was tested in
100 cps steps from 50,020 I3 to 50,001 1IC with a detection bandwidth
of 6 cps., The test set-up for the 100 cps steps is shown in Figure 2,
The plots of the test results are shoun in Figure 3, 4, and 5.

From the results shown in Fijure § it appears that the power
density falls outside the reguircd specification of*+ .05db, The data
is inconclusive in that an insufficient amount of time was alloted to
acquire a measurement at any one frequency. In this test set-up, the
detected output was recorded on a strip chart, After a given period
of time the chart recording wes granhically integrated to cet the mean
valie for tat freqrency. The regiired measurernent time necessary to
ins re 95% contidence with a + ,00db toleratce is aoproximately 16 hours
for each Troquency ab tiis 6 cps bardwidth, Although it is not known

exactly what time was alloted for t':is test it is known that the inte-

ert, “This wzs nob a prcblem at the larper

b

gratinsn time was insuffic
tandwidths ror more points could te sampled in a shorter period of

. time., Therc<fore, at the hiher bandwidths the readings uere more of an
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average power density plot and tased on the results of these two tests
(i.e. 1 XC and 277 cps ta dwidths) and the fact thet the readings of
the 6 cps ta:ndwidth were spread about zero, the generator was selected
as the noise source. It was decided th:at the spectral density would
be tested at the Summer output taking the Linsar S/t Summer as an

integral system.



I.I. NOIsZ FILTLR

opecifications for tie noise [ilter were jenerated based on
paragraph 3.5.3 of ;ne J?L Desin opecification lo, GPG-1.062-DSH,
A noise filter flat within + o0 i fron 45 557 te 55 HMC with a noise
bandwidth of 10 MC 15 unrealizable, [t was therefore decided to
design a passband of L6 o 5L MO with & flatness of + .0bdb and strive
to achieve a noise bandwidth as clese at possitle to 10 S, The

-

above parareters along with a 751 of 1.17. an imnelance of 50 ohms
p g :

¥~

resistive and a insertinn loss of 1db iaximim, w:ire pro rammed into

a computer, The results indiceted a $ nole filt:r wWould yleld a 3db
BW of 11,5 !C with an impedance of 1 o'nm fua:tive and 50 ohms resistive
at the input and o:t-~ut., The principle p;oklen was the »ractical
realization »f the coil accuracies. Using transformation techniques
the resultant filter shown in Figure 6 was constructed.

The V3IW3R of the filter was checked 'wing a reflectmeter techniques
and compz:ison with a load of known VG and found to be within the
1.10 specification, The insection lcus was neasured to be ,55db.  The
frequency response wacs checked in two ~haces. The pausband response
from 45 MC to 55 17 wss chaocked on the hich rezolubtion dual chapnel

system and the out of band response wvas checked using a series sub-

stitution technic.ue. These test

923

et aps are shown in Figure 7. The
results of these two tests are shoun on the freanency response plots
of Figures 8 and 9, TFrom these results it can le seen that the

filter is slirhtly off-set from 50 !'C at L' .8 'IC with a noise band-

width of 15,05 MC and has a pass !and rusuorse of + .05db over an 8 MC
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< ravae bandwidth was determined to

oo an criarg?d amplitude responzs,



17, HoLSE ANPLIF IR

The noise amrlifier was purchas=d “row il Electronics based on
the best competitive l{é meetin.- the szpecification requirements,

The amplifi=r was med2 1n twd chasols. Une 13 six stages of
preamplification incorporating three troxdiy tuned stages and three
non-tuned stages with a dinde 4w circiit letwsen ther, The second
chassis is three lroadly tuned sta.-:c of power amplitfzcation with 3
poles cente.ed at 50, LLi, and 56 ii0. ‘ichematics of the noise amplifier
are shown in Figures 1C and 11,

Frequency respsnce, inturmadulation. linearity and gain tests
were condicted on the amplificr, The ampllflgr measured a nolse figure
of 3db and a maximum pain of 115dL. Due to gatching protlems which
upset the froquency response,. the vendor suppiied the noise amplifier
with a 3dt pad between the presmplifier and the power amplifier, which
reduced the raximum gjain to 112di.

3ince the operation of the amplifier was only meaningful when

operat-d nbko ibv:

cr

sraper loeét the amplificco/filter was tested as
an integrral unit., he combination was first Lested using swept
frequency technic s and found to te out of svecificatison, The
problem was the mismstch tetwecn the amplifier and the filter, The

test natc'. and fre

K]

o7 Tesnonse was achieved sith @ 10db pad retween
the amplifier and the filtcr. The conlination was then tested using
the point Ly point tee algie i ‘hie tual Jhannel system. ‘the test
set-up is shown in ~ig.ro 12, Ik ail the n-i.e amplifier tests unlesc

otherwise stated, the 30 was zener rorulsted at approximately 1.0 IIA

i

~
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which is 3db down from maximum gain and approximately the operating point

used in the system operation. After retuning the power stage of the
noise amplifier, the Noise Amplifier/Filter frequency response was
measured to be flat within + .05db from LL.6 to 53.6 MC. These
measurement results were repeated several times within ,02db., The
result of this freniency response test is shown in Figure 13,

The frequency response of the Noise Amplifier/Filter was also
checked in an oven at 35°C, L0°C and 45°C and found to be quite de-
pendent on temperature. The results of this test are shown in Figure
1. From the results of this test it was decided the Noise Amplifier/
Filter in its final form would be placed in a temperature controlled
oven, f“'* -

The error due to intermodulation in the Noise Amﬁlifier may be
analyzed by representing the transfer by a power series, It was found
that the third order harmonic intermodulation of (2f; - f2) had resulting
oroducts which fall within the passband and constitute an error ip the
true amplifier noise power. This was tested using a two tone test
at rated outnut, 6db above rated output and 6db below rated output,

As shown in Table I, the ﬁassband intermodulation power contritution

is less than 1/1000 of the fundamental.
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Input fregie cy f£i = 507 at +7 dbm Output
Input Frequency f2 = L 17 at +7 dbm Outout
(2f1 - £2) = 56 1C

Nominal Output <10 dbm

Iy §iC 55 11C 56 MC

6db Above lominal RER ftef ~32db
Lominal ilef, ilef, ~LSdb

6db Ielcw Nominal Ref, Rsf. 57db

Table I, Noise A-plifaer Trtermndulation Tast Results

The HNnise Amplifier power transfer wasz tested to get a measure

of the linearity, The FPo  transfer is shoun in Figure 15, The

Pin >
rerions of interest are the operating point which is very linear and
the saturation level wirich shows a 1dt compression up to 13db above

the nominal operating point,
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vV . S50 NMC DT Do AL TEEOLS T

The 5/N Summer siynal sonrce 15 an vnmodulated 9 i1C carrier,
The short and lonc term statility »f ths 90 !iC source is of cnonsiderable
importance as applicd to the trarsmitter/receiver pair; The details
of these cheracteristies a d the steps talen to achieve suitable
stalility characteristics are ais:ussed 1n the P. M. Receiver Study,.
llowever, as applied t» the /N ‘ummer the 5C 1iC source is simply
an angle modulated carrier with stal le poucr characteristics and low
spurious levels, The noise sourze ismferenced to the signal source
such that changes in the signal source is not reflected as a change
in signal to noise ratio but rather as a change in atsolute signal
and noise powuer,

The 1 1IC Standard was patterened after an existing design that
was developed to exhibit extremely low short term instability. The
source _in¢ludes a proportional temperature controlled fundamental

crystal (Q = 3.0 100

). Further, the crystal drive is controlled
by an AGC loop and the oscillator is isolated from the load by

g :itable Fufferé, The schematic diagram of this unit is indicated
in Figwe 16,

The 1 IC s>urce is multiplied to 50 IIC by the following
frequency maltinlication steps X5, X5, X2, The 1 to 5 i iultinlier
is packa_ed in one mrdule and the 5 to 50 1) (X5, X2) is packaged
in a second unit. The multipliers were patterned after an existing

vegtingeoase desi,n that was developed to yield low short term

ingtability and acceptable spuricus rejection. The desipgn details

A"y
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are included in the 17 feceiver stody.  The sourious levels relative
to the unnodulated carrier are listed in Talles Il and I11.

The long term statility »f the 50 it source measured 7.5 parts in

N

+0 S
10 © in 19 hours over a temperature range of (T = 20°C centered on 25°C,

The schematic diagrams of each mialtiplier in indicated in Figures 17 and 18,

The signal and noise ave chopped at 10X ¢ps. After detection

‘

in the bolometer, the sisnals are apixfier in narrow band 1099 cps
amplifies thus recuiring ~ery accrrate and stable 1020 cps signals,
This arcuracy and fremency stability is achieved through frequency
division from the 1 ' Standard. A tlock diagram of this Digital
Divider is shown in Figure 1¢, The Linear &/N Summer requires
two 1000 cps drive si.rals for the feedback monitor and two driver
signals arc required in the test meosure .nt systems

The 1000 cps drive signal from the Digitél Driver alternately
short and onen circuit a diode wn series with the center conductor - -
of each transmission line. The ¥ power incident on the diode modulator
ig reflected whon the diode is opeﬁ circvdted due to the high forward
impedar.ce and is transmitted thrcugh the diede vhen the diode is short
circuited. A schematic of the ¢is'e modulator is shown in Figure 20.
High pass filters ar. used on the i:put and outont of the diode mndulator
to attenuate 1000 cps currents and lou pass filters are cascaded on

the driver line to isolate the driver from the RF circuitry,
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VI, POWZR 1CHITOR

Several techniques of power monitoring with feedback control for
accurate power level control in the Linear S/N Summer were investigated.
It was decided for versatility and high resolution that the Weinschel
Engineering dual channel null detection system would be used, This
system with modification offered good stability, drift free gain, an
accuracy of ,02db/10db with resolution capability of ,00ldb and the
flexibility of se in recalibration of the precision noise attenuator
and signal attenuator,

This system shown in Figure 21 is basically an audio system with

synchronous null detection. Noise power sampled from the noise channel

through a 15db couple:r is chopped at a 100 cps rate thus producing a
1000 cps signal at the output of the bolometer., The detected 1000 cps
signal is then applied to an adjustable 2 to 104db precision audio
attenuator nctuork and a low ncise narrow band (30 cps bandwidth)

1000 cps tuned amplifier with a gain of approximately 130db adjustable
over an 80db range. It is then compered with a reference 1000 cps
signal in a synchronons null detector. The reference signal is the

50 MC signal derived from the 1 1C sbanﬁard and sampled from the
signal channel is the same manner as the noise signal, The reference
signal like the nolse signal is amplified in a narrow band, high gain
(approxim;tely “0db-voltage gain) 1070 cps tuned amplifior and fed to

the synchronous null detector to te compared with the noise signal,

-30-
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The synchronous null detector provides an output about some pre-
established operating voltape when the amplitudes of the noise signal
and reference signal are first balanced and then there is a change in
the ratio of the two signals. The reference signal is applied to a
constant amplitude phase shifting network with a phase shifting capability
at 1000 cps of over 360° essentially without a changse in amplitude,
Vectorial comparison of the rgference signal and noise signal is made
by an adder circuit. From the adder output, the signal is fed to the
lin-log amplifier whose gain decreases logarithmically as the unbalanced

amplitude increases prov1d1ng max1mum sen51t1v1ty at small amplibude

" differences, Tﬁe‘oucaut—of the. Iin-IOg amplifier is applied to the

control grid of the synchronous detector, A second signal taken from
the output of the phase shifting network is applied through a limiter
and a square wave shaping circuit to the deflection plates of the synch-
ronous detector. The synchronous detector is powered through a floating
power supply and referenced to ground through the feedback zener reference
voltage, -

An analysis of the power monitor feedback control loop was made
and it was found that the loop was unstable at low gain settings and
also the gain of the feedback loop was greatly attenuated when the
1loop was closed., A block diagram of the feedtack loop with several of

the components lumped into a single block is shown in Fipure 22%, From

¥KIF1 (s) is the transfer function of the noise amplifier, F2(s) the
noise filter., K3F3(s) is the comtined transfer of the modulator,
attenuator and bolometer, KLFL(s) the PA-5 and KSFS(s) the ND-2.
This block diagram shows two summing points to represent the reference
of the noise channel to the signal channel, In analysis of the loop’
this AC reference can be assumed to te fixed and constant and therefore
a transfer of one,

~32.
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the closed loop transfer function; a Bode Diagram was constructed. After
translation at the synchronous cetector the only corners which influence
the loop stability are contributed by the BA-S 1000 cps narrow- band
amplifiers, This amplifier has two twin tee filters each of which have
second order poles centeréd at 1000 cps with handwidths of 30 cps or 188.4
rad,/sec, This was verified by observing the frequency at which the loop
oscillated. The instability of the loop was corrected through the
addition of a simpie RC lag network-with a time constant of ,02 radian/'sec°
The attienuation of the feedback gain was due to the loading of
the synchronous detector in the closed loop operation., The synchronous
detector /I'igure 23 ) is a dual plate gated béan pentode which is powersd
through a fléabing power supply and is referenced to ground through the
low impedance D.C. reference voltage which is adjusted at one of the
plates, In closed loop operation, the otier plate is connected to the
ASC circuit in the noise amplifier, This also is a low impedance circuit
wiich, when switch;d in, puts a low impedance betwecn the two plates of -
the detector. The resulting loading lowered the open loop gain. This
problem was solved Ly connecting an impedance matching cathode follower
between the plate of the synchron-us detector and the AGC circuit. The
addition of the cathode follower had a second advantage in that the
72 rad./sec. lag metwork was placed at the grid of the cathode follower
and a higher value resistance was realizablé. This is shown in Figure2l ,
This was a proklgm because it is necessary to deliver O to 4 ma of drive

current for the A.C network.
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With the ad.od netwirk,. the open loop ain measured L6db, with
a pain margin of 20db. The performance of the feedback control loop
uith respect to drif't, stabiliby and correction of noise level changes
was neasured using the dual chennel system at the output of the summer
shown in Figure 25. This dual ¢han cl weasuring system derived its
reference signal from the 50 i'C standard thereby referencing both the
feedback control system and measurin; system to a common Source, The
system was initially calibtrated by first estatlishing a reference level
a2t the summer ottnut derived sol:-1ly from the signal channel (noise
chan~el attenuated) with tl.e sys :m oneratins in open loop operation,
Then with the si;nal channel attenuated, the AGC voltage on the Noise
Amplifier is aiiusted to make the pouar level in the noise chamnel
equal tn the sane reforerce level estavblished by the signel channel,
Vith the noise level adju.ted t» tne sicnal level as described abovs,
the 1070 cps abtteruathrs in the fendbrck circuit were adjusted for
a null and the loop was cloased, The feedback loop then automatically
adjusted for pouwcr level chor_es n the nolsc chamnel about the AGC
voltage level ectatlished in o cn loop operation.

With the lcon closeu thore is n ,02db offset of the noise level
from the original r;fcruncu level. Fér a 1db change at the loise
Generator the output of thte -umnzo CJ;:ectS to ,01db of the oripinal
reference level, Ov.r any stort bterm period it was difficult to discern
any drift of the noise channel ith raspecht o thg sirnal channel, The

best that could te meas.red in lons torm ivil” was ,005db, Any drift

or amplit de instability in *he 5imal level was automatically compensated
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for in the noice level bty the feedback control.

The temporatirc sensitiv oty of the bolometer in the feedback control
circuit as a source »f drift letween the two channels was tested by
placing the bolometcrs in an oven and varying the temperature from 35°C
to 45°C to 55°C. The djagran of this test set-up is shown in Figure 26,
The system was first run at room hemvefabure bty takinr reading in the
dual channel point by point from 40 MC throieh 60 MC and recording these
as reference readings, The system vas again run st the atove temperatures
ard the deviation from the readircs at room tenneratire was recorded,

These readings are siown in Tatle IV, The nverall bolometer éensitivity

was within + ,02db over this temperature change,
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VII. SYSTEM PERFORANCE

The performance of the Linear S/N Summer was tested against the

JPL specification No. GPG=150AZ=DSN paragrach 3.5.3,

Test measurements

were conducted in the following area; overall frequency resnonse, inter-
3 J ! 9

modulation, linear summing, average 3/N accuracy and S/N repeatibility,

Frequency response tests similar to t.ose descrited in Section IV

on the Noise Amplif'ier, were conducted on each of the components in the

Linear Summer and ten on the complete noise channel of the Summer,

The result of this ovcrall freciency response was identical to that of

the lioise Amplifier/Filter Comiina®ion shown in Figure 13,

TWwo tone tests to “etermine the third order intermodulation products
P

were conducted on the complete nsise chaiu el to determine if any of the

other components besides the loise Amplifier were introducing none

linearity., The results of this test are suowun below in Table V.
Input Frequency £ = 50 iiC at -5 dbm

Input Frequency fo = 53 [IC

(2f - £5) = L7112

Hominal Qutput -2 dbm

at -5 dbm

50 1iC 53 1C L7 11C
Nominal -5 dbm ~5 dbm 30 db down
3db Atove Nominal -2 dbm -2 dbm 30 db down
64t Above ilominal +1 dim +1 dbm 26 db down

Talle V.,

nise ‘hannel Intermodulation Test Results
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Comparison of the third order intermodulation products of the noise
channel with those of the Noise Amplifier show that the noise channel
produces intermodulation products in the worst case (6db above nominal) ic
6db higher thran thnse of the Noise Amplifier alone, Even taking this
extreme case yields at worst products in the order of 1/500 of the
desired sicnal. .

A verificstion test of the linear surming at the output of the
S/N Summer is shown in Figure 27. The output of each channel was
adjusted for equal power levels, then with the linear S/N summer operating

in its normal operating condition of closed loop, each channel was

separately varicd using the precision attenuators and the change in

output power was recorded. The change in power output was compared

with the theoretical change to get a measure of the 1ipear summing,
These readings are snown in Table VI, .

For the average S/N measurement, the linear S/N Summer was set up
in its normal operating condition as shown in Figure 28. With the
measurenent system connected to the output of the summer as shown in
Fignre 28, the pouer level of each channel was adjusted such that at
the output of the amélifier in the test set-up, the Signal Power Py was
10db down from the Noise Power P . At the output of the summer itself,
the Nnise “ower P, is 20db greater than the 3ignal Power Pg because the
bandwidth of the noise chan~el is 15 }MC whereas the test amplifier band-
width is approximately 1.5 MC, The resulting P, and Pg at the test
amplifier output was -10 dbm and -20 dtm respectively, All possible

combinations of 5/N Rlatios with the above set-up are displayed in the

L0~
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matrix shown in Table VII,
In the measursment set-up,.the combination of the attenuator ;nd
amplifier A had the range of O to 30db of attenuation, That is, for A
set at 30db, P, = -10 dbm and Py = -20 dbm; for A set at Odb, P, = +20 dbm
and P; = +10 dbm, The matrix was divided inho L quadrants such that; in’
quadrant I, A was set to 30db of attenuations in quadrant ‘II, A was'wet T
to O for the signal attenuator (SA) settinés and 30db for the noise
attenuator (NA) settings; in quadrant III, A was set to Odb for the
NA settings and 30db for the SA settings, and finallyj in quadranthV,
A was set to Odb for Soth the NA and the SA settings. In the above
manner, it was possible to test every possible S/N setbihg.
With the range of 50db for sach attenuator and the smallest increment |
_of each of ,1db, there are 500 possible settings on the NA-and the SA |
or in combination 25 x 1oh possible S/N‘éebtings. Since this was
virtually impossible to Fest in total, random settings were generated
in each quadr#nh and a total of 10 readingé were taken from each quadrant
plus the corner settings of éach, i.e, 0,0 - 0,0, 0,0 - 50,0, 50,0 - 0,0 .
amd 50.0 - 50,0, |
From the results bf these tests, the mean, variance, and standara

deviation of each quadrant was calculated, These readings and calcula-

tions are shown in Table VIII,By comparison, each quadrant was found to

be a sub-gset of the total population, and a mean, variance and standard

deviation was calculated for all the readings, From this mean and standard

deviationa statement can be made 95% confidence that no more than
5% of the readings would fall outside of + .156 db of the mean,
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# The power levels indicated at the beginning and end of the quodrants

of the signal sttenuator row and noise attenuator column are:
(1) the power levels at the output of the summer referenced to the
1MC bendwidth of the amplifier A, and (2) the power levels into

the bolometer,

Teble VII. Matrix of Aversge S/N Ruding
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QUADRANT I

NA | S/NIS/N ladb

CALC | MEAS

284 | -20 |-2005|-,0%

24.3 |-3453 |-36.28{r.02

29,3 |~10.4 |-10.44 |-, 04

1 7.8

-26.11-26.19|-.09

22-9 _809 '8‘97 - 07

24.0 |-25.0|-25.09{ -.09

e

28.0(-27.2 -27.12| .08

20.8 {-28.9!-28.98| ~ 08

0.9

-67.1{-56.99;+.07

29.6|-26.1|-26./12| -, 02

NO. CALC {MEAS

! .3 | 3.2 (-7 |=117]-07
2 | 7.3 |4 |~13.2|-/3.2] 0O
3 .6 |24.3(v2.7 .2,75 (oY}
4 [13.1 | 59 {-12.2 |-11.30|=10
5 512.9;;29.3 +6.7 |45.63(-.07
6 5'4.7 ?n.4 -3.3 |-340 =10
7 113.7 |26,1 |+2.4 |+2.32 |-.08
8 |16.5|22.2|-4.3 |-4,27 |+.03
9 |13.4 [27.06|+4.2 |[+4.07{~ i3
10 | 8.3 {19.9 [+1,6 |+1.56(-.04

Corntr |O.O |©.,0 (=10.0|-9.91 |+.09
n=il X == 043db

V= 00434 o= 0659

0.0 |-60.0|-60.01}~ 0!
X=-,0254db
V= .,00373 = ,061l

QUADRANT TII

QUADRANT TX

NA.

SIN | S/N,
CALLC |MEAS ads

2 48,0 [*10.80[4/b.87
3 45,1 [45,20|-6.22
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© |37 [-15:40) v56 08
7 36.4 |16 0|14 7D
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36-0 '9060 "9074
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i
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) 10. | i 36.5 |+lbd 4|b._35 -05
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3 18,8 | 39.9 [+l [+1lo6 |04
4 14,9 40.0 |+18.1 [+15.463 |—.07
5 9.6 |47.2 {421.6 [427.66{-.04
6 |12.5 |.33.2 {+10.7 [410.66 |08
7 | 1.5 3ty {vze.in2a4 [-00
8 19.3 | 31.6 {+2.3 [+2.29 |=0]
9 It.9 | 30.9 {+9.0 {*9.0 | .00
Hlo 1.3 A3.1 [431.8 [+31.89| +.09
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n=il X= =.0173db
V=.00242 T = .p492

38.8 |-6.50|-4.0 = /0

0.0 |\-10.0 |-10.05| +. 05 .

¥able VIII, Average S/N Measurements and Calculations

Xz -, 0475
V= ,0006%

o=,0809
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N = 45 Readings
Z A= 1,51
X =-.0336db
(1-N)V = :Z_),(f—ﬂiz

V = ,0042
T - 065

Therefore with 957 confidenée that 95% of the readings fall within
the limits:
Yok (L065) < X < ¥+K (.065)
-.03L = (2.11)(.065) « X ¢ -.034 + (2.41)(.065)
- .190db< X < + .123db
The repeatability was tested by selectigg eight S/N settings which
utilized as many of the attenuators inside the précision attenuators
(NA and SA) and repeating these S/N settings continually at a random rate
over a four our period, By using only eight S/N settings, it-u@é
prssible to repeat each setting thirteen times for a total of 104 readings.
In order tn cover a wider range'on both the NA and SA, the 20db pad waé

removed from the signal channel such that the signal level equalled the:

noise at bhegutpnt nf‘ﬁhe : sgmner when both the &udmﬁnrqsebi‘t :
th? same §etbiné. In order to eliﬁinaﬁe as much drift and instebility
in the test equipment, the test amplifier was removed and the readings
were made at the noise bandwidths ?f 15 MC with a test set-up similar to
that of Figure 28,
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The data compiled for this measurement is shown in Table IX,.
The largest difference in readings for any one setting was ,023db,
This data was analyzed and the mean, and standard deviation for each
of the eight readings was compmted. The 959 confidence level at 5%
tolerance limits was applied to each of these settings to get & measure
of S/N setting repeatability. In the worst case it can be stated with
954 confidence that no more than 5% of the readings would repeat cutside
* +02Ldb. The calculations of the mean, standard deviation and 5%
tolerance limits are shown at the right of Table IX.

Each group of the eight S/N settipgs was treated as a subset of .
the total readings. A mean and standard deviation was computed for each
of these subsets, These calcmlations are shown at the bottom of Table
IX. The off-set of the mean for each of the set of readings was found ;o

be an error in‘the setting up of the initial conditions. That is in

setting the signal power equel to the noise power by first setting a =

reference level in the measurement system from one of the channels and
then duplicating this reference from the other chammel. The problem

appeared to be distortion introduced bty the 10090 cps modulator'for when
the two channels verse balanced using a Jpover meter, a differan& mqgn '

achiawbd. This was a static off-set which created<no problen:obh&ydggcfl

: Operating about some value other than zero, The relation between S/N

settings was the unchanged for different off-sebs.
The change in the means of the 13 sets of S/N readings over the

L hour measurement period is a measure of the drift of the linear S/N

Summer plus the measu.ement system, The mean of these 13 means is ,0054db

L7~
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with a variance of 1,717 x 10"S and a standard deviation of ,004. From
this data it can then be stated that with 95% confidénce and 5% tolerance
limits, the system would not drift more than + ,013db, This figure
includes the drift of the measurement system and is well within the
specification requirement of + 0.1db/4 hour period for the signal power

and + 0,1db/1 hour period for the noise power.
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The test results of the Linear S/N Sumnmer %atisfy all of the
specification requirements outiined in paragraph™3.5.3 of the JPL
Specification GPG-1,062-DSN, Using random sampling techniques, LO
S/u Measurements from a population of 250,000 S/N settings were made
and found to be accurate within * ,155db. The specification calls for
+ +3db over this 100db dynamic range. Repeatability over a four hour period
was measured to be between .01l and ,024db., The overall drift of the

Linear S/N Summer is + .013db compared with the specification of

irézidﬁ ééeh, for the noise so&rce, the sighal source and the ﬁower
monitor,

The frequency response of the noise channel was measuréa ab‘room'
temperature to be flat within + .05db from LL.6 to 53.6 MC. The noiss
power spectral over this frequency range will be measured as a'sepafate

test and is not part of this report.
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